Background: Dexmedetomidine extends the duration of nerve block when administered perineurally together with local anesthetics by central and/or peripheral action. In this study, we compared the duration of nerve block between dexmedetomidine and epinephrine as an adjuvant to 1% mepivacaine in infraclavicular brachial plexus block. Methods: Thirty patients, scheduled for upper limb surgery were assigned randomly to 3 groups of 10 patients each. We performed brachial plexus block using a nerve stimulator. In the control group (group C), patients received 40 ml of 1% mepivacaine. In group E, patients received 40 ml of 1% mepivacaine containing 200 μg of epinephrine as an adjuvant. In group D, patients received 40 ml of 1% mepivacaine containing 1 μg/kg of dexmedetomidine as an adjuvant. Sensory block duration, motor block duration, time to sense pain, and onset time were assessed. We also monitored blood pressure, heart rate, oxygen saturation and bispectral index. Results: In group D and group E, sensory block duration, motor block duration and time to sense first pain were prolonged significantly compared to group C. However, there was no significant difference between group D and group E. Conclusions: Perineural 1 μg/kg of dexmedetomidine similarly prolonged nerve block duration compared to 200 μg of epinephrine, but slowed heart rate. Thus, dexmedetomidine is expected to be a good alternative as an adjuvant to local anesthesia in patients who are cautioned against epinephrine. (Korean J Anesthesiol 2014; 66: 283-289) 
Introduction
Dexmedetomidine, a selective α-2 agonist that works on the central nervous system, has the effects of lowering blood pressure, sedation, sleep, analgesia, memory loss, and decreased shivering. Recently, its use has increased in the intensive care uint for sedation purposes, general anesthesia, various tests and as an adjuvant to regional anesthesia [1] [2] [3] . Many studies have reported that dexmedetomidine extends the duration of nerve block when administered perineurally together with local anesthetics [4, 5] . Brummett et al. [4] reported that dexmedetomidine administered with bupivacaine in sciatic nerve block of a mouse resulted in extended sensory nerve block and motor nerve block without nerve toxicity. Esmaoglu et al. [5] reported that the addition of dexmedetomidine to axillary brachial plexus block resulted in a shorter onset time of the nerve block, an extended duration, and a longer postoperative painless period. This is assumed to be the central effect of dexmedetomidine [6] or its local effect influencing the mechanism of local anesthetics [7] [8] [9] [10] [11] [12] . In particular, the vasoconstrictor effect on the periphery is also considered to have an effect [7] [8] [9] [10] .
Epinephrine, a vasoconstrictor, reduces absorption into the bloodstream when used as an adjuvant to local anesthetics. Therefore, it reduces the systemic toxicity of local anesthetics and extends the duration of anesthesia. It is also widely used for early differentiation of intravascular absorption [13] . However, it can cause hypertension, tachycardia, and arrhythmia, and it can worsen symptoms in patients with accompanying coronary artery disease. Such systemic complications can be especially severe when the drug is unintentionally absorbed intravenously. Therefore, caution is required when using epinephrine as an adjuvant in patients with hyperthyroidism or cardiovascular diseases such as severe hypertension, arrhythmia, and tachycardia [14] .
This study compared using 1 μg/kg of dexmedetomidine as an adjuvant to local anesthesia with using 200 μg of epinephrine to assess the degree to which each extended the nerve block duration and to judge whether dexmedetomidine can serve as an alternative to epinephrine when necessary. The concentration of epinephrine used in this research was 1 : 200,000, which is the amount generally used to achieve a vasoconstriction effect as an adjuvant to local anesthesia [14] . In the case of dexmedetomidine, because no studies comparing it with epinephrine as an adjuvant could be found, the amount used in several studies, 1 μg/kg, was chosen [15] [16] [17] . This amount is loading dose for the first 10 minutes in generalized intravenous (IV) infusion method, and thus this amount was assumed to have no complications when injected suncutaneously.
Materials and Methods
This research involved 30 patients aged 18-65 years of American Society of Anesthesiologists (ASA) physical status class 1 or 2 who were scheduled for upper limb surgery and brachial plexus block. The study was approved by the Institutional Review Board at our hospital, and the purpose of the study was explained to the patients to obtain their consent before participation. Patients who were obese (body mass index > 35 kg/m 2 ) or pregnant and those with a liver function or kidney function disorder, diabetic neuropathy, a coagulopathy, a history of taking α-2 adrenergic drugs in the previous 2 weeks, clinically significant arrhythmia, or an infectious lesion in the puncture site were excluded from the research.
No patients received premedication. Just before arrival in the operating room, the computer randomly assigned patients to the control group (group C), the epinephrine group (group E), or the dexmedetomidine group (group D). After arrival in the operating room, a non-invasive blood pressure monitor and pulse oximeter were attached to the upper arm on the side opposite to the operating area, and a bispectral index (BIS) sensor was attached to the forehead. A skilled anesthesiologist performed the infraclavicular brachial plexus block. The patient was placed in the supine position with the head turned to face the side opposite the operating area, and the upper arm to be operated was put on top of the abdomen. The needle insertion site was the center of the line connecting the jugular fossa and ventral process of the acromion. A 22-gauge, 50-mm short-beveled needle (Stimuplex Ⓡ A, B/Braun, Melsungen, Germany) and nerve stimulator (Stimuplex Ⓡ -DIG, B/Braun, Melsungen, Germany)
were used to check the nerve plexus. Starting with a stimulus of 1 Hz, 1.0 mA, the size of the current was decreased, and when finger flexion was observed at a minimum 0.4 mA or lower, the prepared drug for each group was administered. Group C was administered normal saline 20 ml, group E was administered a combination of 200 μg epinephrine (Daihan Pharm Co, Seoul, Korea) diluted to 1 ml and normal saline 19 ml, and group D was administered a 20 ml solution combining normal saline with 1 μg/kg dexmedetomidine (Precedex Ⓡ Hospira, Lake Forest, IL, USA) diluted to 4 μg/ml. In addition, 2% mepivacaine (Emcaine 2% Ⓡ Reyon Pharm Co, Seoul, Korea) 20 ml was added to all groups to achieve a total of 40 ml. Directly after drug administration, the breathing rate was monitored while oxygen at 5 L/min was supplied through an oxygen mask. The level of sensory and motor block was evaluated every 2 minutes after drug administration.
The level of sensory block was assessed by performing the pinprick test on the back of the hand for the radial nerve, the fifth finger for the ulnar nerve, and the third finger for the median nerve. A score of 0 points was assigned when there was no
Korean J Anesthesiol
Song et al.
difference in pain compared to the opposite side, 1 point when there was less pain, and 2 points when there was no pain at all. The level of motor block was evaluated by thumb abduction for the radial nerve, thumb adduction or spreading for the ulnar nerve, and the strength of thumb opposition for the median nerve. A score of 0 points was assigned when there was no difference in strength compared to the opposite side, 1 point when the strength was decreased, and 2 points when there was complete motor block [18] . Successful brachial plexus block was defined as follows: for sensory nerves, 2 points each in the radial nerve, ulnar nerve, and median nerve; for motor nerves, 1 point or more in each of the 3 nerves.
Blood pressure, heart rate, pulse oximetry, and BIS were measured every 5 minutes for 1 hour after administering the drugs. To assess the sedative effect of dexmedetomidine, the patient was observed without any administration of sedative for the first 30 minutes. When the BIS was 80 or higher 30 minutes after drug administration, midazolam 2-3 mg was IV injected to provide sedation, and 1 mg was additionally administered to achieve a BIS range of 60-80. If pulse oximetry was 95% or if the breathing rate was 10 times or fewer during surgery, the neck was to be extended; if the extension did not achieve the required adjustment, supplementary mask ventilation would be performed. In the event of bradycardia, a heart rate of 50 beats or fewer per minute, glycopyrrolate 0.2 mg was to be IV injected. When mean arterial pressure was 50 mmHg or less or decreased 20% or more from the baseline value, ephedrine 4 mg was to be IV injected to correct the vital signs.
The time to recovery from sensory nerve and motor nerve block, the time to the first sensation of pain, and the VAS score at that time were recorded by a single examiner at 30 minute intervals starting from 120 minutes after the successful brachial plexus block.
The duration of sensory nerve block was defined as the period from successful block until all senses controlled by the radial, ulnar, and median nerves were completely restored. The duration of motor nerve block was defined as the period from successful block until the strength of the radial, ulnar, and median nerves were completely restored.
In a preliminary study conducted with 4 control group patients, 5 epinephrine group patients, and 5 dexmedetomidine group patients, the mean values and standard deviations of the sensory nerve block durations were 226 ± 64 min, 295 ± 11 min, and 367 ± 49 min, respectively. The standard deviation of the entire sample was 72. Assuming that 80 is the maximum standard deviation, 8 subjects are needed for each group at α value 0.05 and β value 0.2. Considering a 20% dropout rate to account for factors such as failure of brachial plexus anesthesia, it was determined that each group should have 10 subjects, meaning 30 subjects in total.
Sigmaplot Ⓡ Version 12 (Systat Software Inc., San Jose, CA, USA) was used for statistical analysis. All variables were expressed as the mean ± standard deviation. Kruskal-Wallis one way ANOVA on ranks was used to compare groups, and the post-hoc test or multiple comparison method was conducted with the Tukey test. The mean arterial pressure, heart rate, and BIS compared to baseline values over time were analyzed within each group using repeated measures ANOVA on ranks, and then the Holm-Sidak method was used as a post-hoc test or multiple comparison method. A comparison regarding the use of midazolam was performed with Fisher's exact test. A P value of less than 0.05 was considered statistically significant.
Results
Brachial plexus block was successful in all 30 patients. There were no significant differences between the 3 groups in terms of age, sex, height, weight, and ASA physical status (Table 1) . Among the 30 patients, 9 were scheduled for fracture surgery, 3 were scheduled for surgery to remove internal fixation devices after fractures, 11 were scheduled for injury-related surgery other than fracture surgery, and 7 were scheduled for surgery related to disease rather than injury. In terms of the surgical area, 13 patients were scheduled to receive surgery of the hand area or lower, 5 of the wrist joint, 9 of the forearm, and 3 of the elbow joint.
With regard to brachial plexus block, the duration of sensory 
and motor nerve block was significantly extended in group D and group E compared to group C (P < 0.05), but there was no significant difference between group D and group E ( Table 2) .
The time from brachial plexus block to first pain sensation was also significantly longer in group D and group E compared to group C (P < 0.05), but there was no significant difference between group D and group E ( Table 2) .
No significant difference between the 3 groups was found in the onset time of complete block ( Table 2 ). The mean VAS score at the time of first pain sensation was 4.7 ± 1.3 min, 4.5 ± 0.5 min, and 4.2 ± 0.4 min in group C, group D, and group E, respectively, and there was no statistically significant difference.
There was no significant difference in mean arterial pressure between the 3 groups, but in all groups, a decrease was observed after 30 minutes compared to the baseline (P < 0.05) (Fig. 1) . the heart rate was significantly lower in group D compared to group E at 20, 30, 35, and 40 minutes after drug administration (P < 0.05) (Fig. 2) . It was also significantly lower than group C at 40 minutes after drug administration (P < 0.05) (Fig. 2) . In addition, in group E, the HR increased from 10 to 40 minutes after drug administration compared to baseline (P < 0.05). In group D, the HR decreased from 20 to 60 minutes after drug administration compared to baseline (P < 0.05), while in group C, it decreased starting at 50 minutes after drug administration. No patients in this study required ephedrine administration. The HR of 2 patients in group D fell to near 50, but there was no administration of glycopyrrolate.
There was no significant difference in BIS scores between group C and group E during the entire period, but group D had significantly lower BIS scores than group C at 15, 20, 25, 30, 35, 40, and 60 minutes after drug administration (P < 0.05) (Fig. 3) . In addition, group D had significantly lower BIS scores compared to group E at 15, 35, and 60 minutes after drug administration (P < 0.05) (Fig. 3) . All groups showed a significant decrease compared to baseline from 35 minutes to 60 minutes, which was after the administration of sedatives (P < 0.05). Group D showed a significant decrease compared to baseline Values presented as the mean ± SD. Group C: control group, Group E: epinephrine group, Group D: dexmedetomidine group. *P < 0.05 compared to group C. Fig. 1 . The mean arterial pressure (MAP) for the three groups in consecutive periods. There are no significant differences between the groups at each time. *P < 0.05 compared to baseline value in group C. † P < 0.05 campared to baseline value in group E. ‡ P < 0.05 compared to baseline value in group D. Values are expressed as the mean ± SD. B: baseline, I: just after brachial plexus block, min: minutes, Group C: control group, Group E: epinephrine group, Group D: Dexmedetomidine group.
Fig. 2.
The heart rate (HR) for the three groups in consecutive periods. Heart rate was significantly lower in group D compared to group E in 20 minutes, 30 minutes, 35 minutes and 40 minutes after drug injection. And in group D, heart rate was significantly lower compared to group C in 40 mimutes after drug injection. Values are expressed as mean ± SD. *P < 0.05 compared to group E in each time.
† P < 0.05 compared to group C.
‡ P < 0.05 compared to baseline value in each groups. B: baseline, I: just after brachial plexus block, min: minutes, bpm: beats per minutes, Group C: control group, Group E: epinephrine group, Group D: Dexmedetomidine group.
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at 25 minutes and 30 minutes after drug administration, before the administration of sedatives (P < 0.05) (Fig. 3) . At 30 minutes after drug administration, midazolam was administered to all patients in group C and group E for sedation, but only 3 patients in group D needed midazolam; there was a statistically significant difference (P < 0.05). The amounts of midazolam used in each group were 2.6 ± 0.52 mg, 2.75 ± 0.43 mg, and 0.90 ± 1.45 mg for group C, group E, and group D, respectively. The amount used in group D was significantly lower compared to group E (P < 0.05), but there was no difference with group C.
Discussion
In this research, the groups that received either 1 μg/kg of dexmedetomidine or 200 μg of epinephrine as an adjuvant to 1% mepivacaine 40 ml both displayed an extended duration of sensory and motor block and time to sense first pain compared to the control group, which received only 1% mepivacaine 40 ml. This accords with reports showing that dexmedetomidine extended the duration of brachial plexus or other local nerve blocks [5, 16, 17] , but there were no differences between the dexmedetomidine group and the epinephrine group.
In addition, no significant difference was found in the onset time between the 3 groups. Contrary to our findings, Esmaoglu et al. [5] reported that dexmedetomidine decreased the onset time in axillary brachial plexus block. Marhofer et al. [19] reported that it did not reduce the onset time but emphasized that this finding could have arisen because a nerve stimulator was used rather than an ultrasound. But, it is reported that the difference in methods of accessing to plexus does not affect onset time of nerve block [20] . A nerve stimulator was also used in our study, but there was no significant difference in the onset time, thus it is difficult to conclude that the block onset time is affected by the choice of nerve stimulator or ultrasound.
Dexmedetomidine can cause systemic effects such as sedation and relief of anxiety as well as complications such as hypotension and bradycardia as the dosage is increased [7] . In our research, there was no difference between the groups in mean arterial pressure, and in all groups, there was a decrease after 35 minutes compared to baseline values. This can be attributed to the influence of sedation, which was performed 30 minutes after drug administration. The heart rate decreased significantly in the dexmedetomidine group compared to the epinephrine group starting 20 minutes after drug administration, and even in the within-group comparison, the epinephrine group showed a significant increase compared to baseline starting 10 minutes after drug administration. The dexmedetomidine group, however, showed a significant decrease in heart rate compared to baseline starting 20 minutes after drug administration. In addition, to allow assessment of the sedative effect of dexmedetomidine, no sedatives were administered for 30 minutes after drug administration, but the BIS began to decrease in most of the subjects in the dexmedetomidine group around 15-20 minutes after drug administration. After 30 minutes, all patients in the control group and the epinephrine group required sedatives, but only 3 subjects in the dexmedetomidine group required sedatives. This finding accords with previous reports in which a α-2 agonist used with local anesthesia had sedative effects. Gaumann et al. [21] , using 150 μg clonidine as an adjuvant to 1% lidocaine in brachial plexus block, reported a sedative effect lasting 60 minutes starting 30 minutes after administration. Rancourt et al. [15] and Swami et al. [16] also reported a sedative effect after administering dexmedetomidine perineurally. The analgesic effect of dexmedetomidine and the mechanism for sedation are not yet completely understood and are thought to arise from various factors. The drug is presumed to act centrally; it is thought that α-2 agonists repress the secretion of substance P in the pain transmission route at the dorsal root neuron level, and the activation of the α-2 receptor in the locus ceruleus causes the analgesic and sedative effect [6] .
Other than the central analgesic effect [6] , the mechanism by which α-2 agonists extend the duration of local anesthetics as an adjuvant can be explained by the vasoconstriction effect in the periphery from α-2 adrenergic receptors [7] [8] [9] [10] . There is also the possibility that these drugs directly affect the periphery nerves [11, 12] .
Postsynaptic α1 and α-2 adrenergic receptors both exist in 
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Dexmedetomidine vs. epinephrine vessels, but their distribution differs according to the type of artery or vein. Vasoconstriction from the α-2 adrenergic receptor can be stronger than that from the α1 receptor depending on the circumstances [8, 9] . Talke et al. reported that arterial administration of clonidine caused vasodilation in an arm where sympathetic nerve activity had not been blocked [7, 10] , and arterial administration of dexmedetomidine caused vasoconstriction in subjects whose sympathetic nerves were blocked or weakened through brachial plexus block or general anesthesia [7] . Although our study identified no clear effect of dexmedetomidine administered during brachial plexus block on vascular tone, the possibility of a vasoconstriction effect caused by α-2 adrenergic receptors can be presumed. Gaumann et al. [21] compared 150 μg of clonidine and 200 μg of epinephrine as an adjuvant to 1% lidocaine in brachial plexus block to measure the duration of nerve block and the blood concentration of lidocaine. They found no difference in the duration of nerve block, but there was a difference in the blood concentration of lidocaine, and clonidine was reported to have no local vasoconstriction effect. However, no studies have yet measured the blood concentration of local anesthesia using dexmedetomidine as an adjuvant.
Concerning direct effects on peripheral nerves, Kosugi et al. [11] studied the effect of α-2 agonists, including dexmedetomidine, tetracaine, oxymetazoline, and clonidine, and α-2 blocker (atipamezole) on the compound action potentials (CAPs) in the sciatic nerve of a frog. They reported that, regardless of the α-2 receptors, CAPs were repressed by the α-2 agonists, which had direct blocking effects on nerve transmission. Brummett et al. [12] , conducting sciatic nerve block in a mouse, administered dexmedetomidine as an adjuvant to ropivacaine; the authors reported that dexmedetomidine blocked the hyperpolarizationactivated cation current (Ih current) and extended the duration of nerve block. The Ih current plays an important role in returning the peripheral nerves to the resting potential, and blocking of the Ih current extends the hyperpolarization of the nerves. As this effect is especially evident in unmyelinated C fibers (pain) compared to A α fibers (motor), the Ih current block is reported to be more effective in blocking pain nerves than in blocking motor nerves [22] .
Our research used a dosage of 1 μg/kg, which is the loading dose when IV administering dexmedetomidine for sedation purposes for 10 minutes. Thus, it is safe in IV sedation [23] . In previous studies in which it was used as an adjuvant in peripheral nerve block, it showed sedative effects such as symptoms of bradycardia and hypotension, but other complications were not reported [15] [16] [17] . Regarding nerve toxicity, dexmedetomidine did not damage the axon or myelin in animal experiments that used high doses (25-40 μg/kg), and it was even reported to reduce the acute perineural inflammation caused by bupivacaine [4] .
Recently, the method of ultrasound-guided regional anesthesia has been accepted as the "gold standard" for reducing the amount of local anesthetic [24, 25] , and one limitation of our research is that we used a nerve stimulator. Successful nerve block was achieved in all patients, however, and considering that there was no effect on the onset time, the use of a nerve stimulator is not thought to have had an effect on the primary outcome, the duration of nerve block.
In our research, 1 μg/kg of dexmedetomidine extended the duration of sensory and motor block to a similar degree compared to epinephrine 200 μg when administered around the nerve with local anesthetics. In contrast to epinephrine, it also decreased the heart rate, and there was a sedative effect without administering other sedative drugs.
In conclusion, dexmedetomidine was similar to epinephrine in its effect on extending the duration of nerve block and postoperative analgesia. However, because epinephrine and dexmedetomidine have opposite effects on heart rate, dexmedetomidine is considered to be a good alternative as an adjuvant to local anesthesia in patients in whom epinephrine must be used with caution.
